In this study, we attempted to verify the hypothesis that total metals bound to dust of different particle sizes may reflect pollution levels, but cannot predict its bioavailability and risks in human health assessments. Dust samples were collected using active sampling method; during the dry season months of November, 2014 to March, 2015 at different locations in Akure (7˚10ʹN and 5˚15ʹE). The samples were sorted into different particle sizes (< 10µm, 10 -50 µm, >50µm), analyzed for some physicochemical properties and assessed for metals bioavailability using two-step physiological extraction method. The amount of metals (Cd, Cu, Cr, Ni, Pb, Zn and Mn) released in each particle sizes were determined using Perkin-Elmer 6000 Inductively Coupled Plasma -Atomic Emission Spectrometry (ICP-AES) analysis. The results showed that bioavailability of some metals (Cd, Ni, Pb, and Zn) decreases with increasing particle sizes, however, the reverse trend was observed for Mn, Cu and Fe concentrations. This may be attributed to some combination of physicochemical characteristics of the dust and metal speciation. Hence, it was concluded that metal bioaccessibility in dust can best be described by the knowledge of physicochemical characteristics. The exposure dose of the metals showed that cancer risks due to inhalation were very high when compared to other exposure routes (ingestion and dermal contact). The calculated non-cancer (HQ) and cancer risk (HI) for humans in the area showed values higher than unity, indicating possibility of the metals' body burden. Key Words: dust; bioavailability; particle sizes; heavy metals; health risk; exposure 
Introduction
Dusts are finely divided particulate matters that are generated during human activities; sweeping, quarrying, metal fabrication, etc and are readily lifted by wind. Once generated and released to the atmosphere, they travel long distances from emission point source by turbulent atmospheric currents and finally settles either by gravity under condition of calm or brought to the surface by precipitation [1] . In the course of transportation, the suspended metals are loaded to particulates; hence the dust creates a reserve pool of metals in urban atmosphere [2] . In recent time, nonoccupational exposures to dusts in urban atmosphere worldwide have aroused much attention due to its associated health effects. For example, on breathing air containing metal laden particles, the smaller particles can reach the wind-pipe (trachea) and eventually dissolve in the blood stream. According to TUC [3] , the two most serious health problems associated with dust are; cancers of the lungs, throat and nose, and other lung conditions called chronic obstructive pulmonary diseases (COPD) which include chronic bronchitis and emphysema. A report in 2007 gave a likely figure of between 7,000 and 8,000 for cancers of the lung and the nose due to exposure dust at work [2] .
Numerous researchers have investigated elemental compositions of suspended particulate matters in cities worldwide; Monterry, Mexico [4] , Tehran, Iran [5] , Nigerian cities [6] [7] [8] [9] [10] . In most of these studies, it was observed that urban dusts were typically elevated by total metal concentrations above the standard limits prescribed by WHO for respirable dust in most cities. Studies have indicated that fine particles are more harmful than coarse particles [11, 12] . It has also been suggested that there exist causal relationship between inhalable and metal concentrations in the atmosphere [13] .
It has been reported that metals burdened to dust particles have varied distributions in different geochemical phases [14] and should be considered when assessing their risks. According to Ruby et al [15] , some metals and their compounds are not readily soluble; therefore toxicity tests based on their solubility may overestimate the health risk associated with them. Bioaccessibility is a closely related term which refers to the fraction of contaminant that is dissolved in the digestive fluids and assumed to be available for absorption and bioavailable [16] . Similarly, it has also been reported that total concentration of metals can reflect the pollution level of dust, but cannot predict its bioavailability [17] . It is therefore imperatively necessary to investigate speciation of metals in dust; this is to enable us determine accurately the bioaccessibility and risks posed by individual metals. To date, a lot of investigators have studied human bioaccessibility of metals using several methods and tools; including in vivo and in vitro digestion models of [16, [18] [19] [20] [21] [22] [23] . The in vivo methods (animal models) depend on the toxico-kinetic profile of the chemical of interest, chemical concentrations in dust and sensitivity of analytical methods. These models provide valuable contaminant bioavailability data but have the disadvantage of being time-consuming, expensive, requiring weeks or months to complete, and requiring highly specialized personnel [24] . On its part, the In vitro methods are laboratory extraction tests; in which the gastrointestinal condition is mimiced using synthetic solution [23] , including physiologically-based extraction test (PBET), simulator of the human intestinal microbial ecosystem (SHIME), The Netherlands National Institute of Public Health and the Environment (RIVM) method, Fed ORganic Estimation human Simulation Test (FOREhST), and in vitro gastrointestinal (IVG) method. The method is humane and less expensive, and provides a quicker assessment and now widely used to assess the relative bioavailability [25] . For example, Luo et al [26] reported the bioaccessibility and health risks through oral ingestion of trace metals in urban street dust using simplified test (SBET) simulating only gastric acid conditions. Similarly, this method has been used to determine bioaccessibility of metals such as lead, cadmium and arsenic in different soils and animals; swine [27] , rodents [28, 29] and rabbits [30] . Meanwhile, it is assumed that bioaccessibility of metal-bound dust can be predicted from solid phase speciation. Unfortunately, the above assumptions have not been investigated in the study of risks associated with metals-loaded dust in Nigeria cities. This report will fill such a gap. The study is part of the Urban Dust Monitoring and Health Risk Assessment (UDMAHRA) project, initiated to monitor urban dust and its potential health risks in Nigerian cities. As studies continued to unravel the characteristics and potential health risks of dust in urban atmosphere, the aim of this contribution was to investigating the relative bioavailability and toxic potentials of some heavy metal contents of suspended dust samples in a fast growing city (Akure: 7˚10ʹN and 5 ˚ 15 ʹ E). The objectives of this study include (i) assessing the particle size distribution of dusts of the monitoring sites,
(ii) evaluating the bioavailability of metals-loaded dust samples collected in atmosphere of Nigeria city, and (iii) assessing the carcinogenic and non-carcinogenic toxicity potentials of the metals on the basis of the relative content of the fractions. The novelty of this study is that we attempt to incorporate adjusted relative bioavailability to human health risk assessments. It is envisaged that the data generated in this study will stimulate environmental concerns on the impacts of dust particles and be translated into improved respiratory health among the people.
Materials and Method

Site Description
Akure (7˚10ʹN and 5˚15ʹE) is situated in the rainforest zone of southwest, Nigeria, with population of about 360,268 people [31] . It is one of the fastest growing urban settlements in the south western Nigeria. It serves as a transitory link to northern and Eastern parts of the country and with many industrial plants. The climatic conditions of Nigeria and Akure have been described elsewhere [32] .
Sampling routine and sampling sites
Five outdoor selected sampling sites within Akure and at an unpolluted (background) area were selected for study. The sampling sites for this study were carefully chosen to reflect different human activities impacting the environments. This is to ensure that the sampling program covered any variation in particle concentrations. The description, co-ordinates and air quality of the sampling sites are shown in Table 1 .
Dust Sampling
The dust sampling method previously described by Yu et al [33] was used in this study. Briefly, street dusts were collected by sweeping many areas of 1x1m 2 surfaces adjacent to the edge of the road, with a dustpan and brushes. The samples collected were stored in the self-sealed plastic container. It was then transported to laboratory for analysis.
Physicochemical Characterization of Dust particles
In the laboratory, samples were air dried for 3 days. Samples from the same location were thoroughly mixed, to obtain sufficient size and representative samples, and then sieved into different particle sizes (classified as; <10, 10-50, and >50µm). It was then subjected to various analyses which include; physicochemical properties (mass load, pH, Organic matter, conductivity), geochemical analysis and minerals composition (X-Ray Diffraction). The dust concentrations were estimated from trace element measurements and calculation using the following equation: Dust = 1.89* Al + 1.21* K +1.95*Ca +1.66* Mg+ 1.7* Ti + 2.14 +Si *1.42* Fe ……….. (1) [34] Organic matter content was measured via loss on ignition at 500 o C for 3h. Dust conductivity was measured after equilibration for 30 min in deionized water at a 10:1 liquid: dust ratio with a Hanna Instruments 8033 electrode (Hanna Instruments, Laval, Canada) calibrated at 25 o C and 1413µScm -1 . The supernatants of these solutions were then measured for P H using a glass electrode calibrated at pH 4 and 10. Speciation of metals was carried out in dust particles using a modification of the European Communities Bureau of Reference (BRC) sequential extraction [35] .
Bio accessibility (Oral bioavailability) test
The relative oral bioavailability (bio accessibility) of each metal in dust particles was determined using the In vitro method as described by Ruby et al [16] and Oomen et al [23] . The method is a two-step physiological based extraction test that investigates the solubility of metals in laboratory test. It is assumed to capture rate-limiting component controlling RBA. Briefly describe here, the test fluid for this study is the Gamble's solution (P H = 7.4). The chemical composition is given below ( Table 2) . The initial P H of the solution was adjusted with 260µL/L of 25% HCl solution. The dust powders were exposed to the test solution and the amounts of metals dissolved/ released concentrations in synthetic body fluid were analyzed for geochemical analysis. The metal contents analysis of the samples was carried out using a Perkin-Elmer 6000 Inductively Coupled Plasma -Atomic Emission Spectrometry (ICP-AES), before quantification. The ICP-AES Instrument was calibrated daily. The ICP-AES instrument was calibrated daily. A standard curve was deemed acceptable only if the r 2 (coefficient of determination) was greater than 95%. After every 10 samples a standard was analyzed as a sample. If the variation between this sample and standard concentration was more than 5% the instrument was recalibrated. Instrument accuracy was checked daily by analyzing a 2% NIST standard to ensure that the percent difference between certified and measured concentrations was between 70% and 120%. Method detection limits (MDLs) for the ICP-AES were calculated by repeated analysis of a low concentration sample. MDL is defined as three times the standard deviation of the concentrations obtained in the seven runs. Metal concentrations in the process blanks were either below or of the same magnitude as the MDLs. To account for trace levels of background contamination, the mass of metal in the field blank was subtracted from the mass collected on the various stages of sampling. Extraction efficiencies were calculated by measuring metal concentrations after spiking a 10% nitric acid solution with urban particulate matter (NIST SRM 1648).
ICP-MS
We calculated the bio accessibility of Pb, Cd, Cr, Cu, Fe, Ni and Zn using the formula below adapted from USEPA [36] .
(Concentration in dust, µg/kg) x (mass of dust used, g)
The relative bioavailability (F) of dust bound metals was estimated from the site specific screening values calculated using equation 
Incorporation into Human Health Risk Assessment
The relative bioavailability (F route) was applied as a factor modifying the concentration in equation for calculating exposures from dust via ingestion, inhalation and dermal contact using equation (4) - (6) [38] . The risk assessments of each element were evaluated by incorporating RBA calculated into exposure and hazard quotient (HQ) was determined for carcinogenic and non-carcinogenic effects using Equations (4) and (5) "Safe Dose" is based on threshold for toxicity, including uncertainty factor (e.g., Reference dose or "RfD") i.e. RfDad RfDi, RfDo are absorbed chronic reference dose, Inhalation chronic reference dose, and Oral chronic reference dose respectively in mg/kg-day (they are metal specific)
Data Analysis
The "Analysis Toolbar" available in Microsoft Office of Excel 2007 and SPSS version 14 software's provided data analysis. Non-parametric statistical methods were used to evaluate whether there is a significant differences between concentrations of metals at different sampling times at each sampling site. Data obtained were also subjected to analysis of variance (ANOVA) to enable us assess the levels of significant difference.
Results and Discussion
Particles Size Distribution
The main focus of this study is to confirm that metals bound to dust of different particle sizes possess different uptake and varied human health risk. We hypothesized that elevated concentrations of metal bound to different particle sizes of dust do not necessarily result in high bioavailability. Firstly, metals load in dust could increase with increasing particle sizes; if this hypothesis is correct, the metals on particle surface might decrease steadily with particle size, else the coarse particles are more loaded than fine particles. Secondly, metals bounds to different particle sizes could be exist in different chemical forms; if this is true, bioavailability increases with decreasing particle sizes. In contrast, their bioavailability would depend on physicochemical properties
To test our hypothesis, we measured the mass load and particle size distribution in microns (<10 µ, 10-50µ, and >50µ) at various sites of our study centre. The total mass load of dust samples (Table 2) show significant (p<0.05) spatial variation among the sites; according to the land uses. The order of variation shows commercial > traffic > residential > government reserved area. This order agreed with the trends observation in other cities [39] . In all sites, the annual time-weighted mean of fine particulate matters in our study is less than 50 gm In addition, it can be found that particle size distribution (Table3) shows that (>50 µm) sizes dominate in all the sampled sites, except the traffic impacted site. This is an indication that fresh sources are impacting the environments. The larger coarse particles (i.e., greater than 10 μm) tend to rapidly fall out of the air and have atmospheric lifetimes on the order of minutes to hours, depending on their size and other factors [41] . The results of physic-chemical characteristic of dust (Table 3) showed that pH values ranged between 6.9 and 9.4 in all the sampling sites, while the organic matter content showed values in range of 6.7 to 31.23%. These parameters fall within values for typical urban soil. Further to these, the cation exchange capacity (CEC) varied from 31.74 to 43.4cmol/kg. The low conductivity could be due to geochemical nature of the environment and might reduce the metals bioavailability [42] . We investigated the mineralogical composition analysis of the samples, to identify major metals species in dust samples. Table 4 present the results of the average atomic weight percent of different elements in the samples. The results show that the dust particles contain majorly silica (SiO2) and alumina (Al2O3). Although, oxides of Mn, and Fe were also present, with Si being the most abundant.
Metals Distribution in Dust particles
The mean metals distribution (Table 5 ) in this study showed that Zn (462.1 µg/g), Mn (301.09 µg/g), Ni (215.48 µg/g), Fe (313.26 µg/g), Pb(88.2 µg/g), Cu (28.17 µg/g), Cd (10.64 µg/g) and Cr(5.1 µg/g). The high concentrations of Zn and Pb, in studied sites of this work, are not surprising as both metals are from vehicular emission. Zn has the ability to occlude within the crystal lattice layer of silicate. Activities of welder are considered a major significant source of Ni and Mn to the urban pollution load. Welding fumes are solid particles that originated from the base metals/electrode coatings, and the vaporized metal condenses into tiny particles. Meanwhile, on comparison of the mean metals concentration in this study with other cities, it was observed that the mean values of our study were significantly lower than others. This may be attributed to difference in traffic volume. The distributions of these metals in different particle sizes were also investigated and presented in Figures 1. It is evident from the results that the smallest particles, <10µm, had metal concentrations (µg/g) as follows: Pb (3.02 µg/g), Zn (2.4 µg/g), Cu (2.1 µg/g), Cd (0.03 µg/g), Ni, Mn. In particle sizes of 10-50µm and >50µm, concentrations of Cd in the all the fractions were nearly independent of the particle size of the dusts, as each fraction contained a certain amount in each size. However, concentrations of Zn and Pb showed steady decrease with increasing particle sizes. The observed trend in Zn and Pb may be attributed to decrease in available surface area with increase particle sizes. This is not surprising, as chemical reactivity is expected to be lower in coarse particles due to large surface area of smaller particles. However, the spatial variations in these metals distribution may be attributed to difference in traffic speed in the area. Metals such as Cd, and Pb are generally found in airborne compounds with a single predominate oxidation state Cd (II), Pb(II)). Some metals (e.g., the transition metals Cr, Mn, and Ni) present the possibility of changing oxidation state in situ in the particle, although little is known of these processes [47] . This is an important consideration for health risk assessment as the different oxidation states also differ in toxicity, Overall, the distributions of metals in different particle sizes fractions of dust of Akure showed that particles fraction with size > 50 μm contain more metals than the fine particles. The above observations confirm our first proposed hypothesis.
Speciation of Metals
We investigated the speciation patterns of metals in dust particles at different geochemical phases and the results of our study are depicted in Figure 2 . Some of the striking features of this figure are highlighted as follows; Firstly, in all the particle sizes, Pb is associated and different distributed in various geochemical phases. We interpret this as indicating that multiple Pb species, including Pb carbonate, Pb humate, Pb absorbed into Fe oxide, Pb metal, PbO, Pb hydroxyl carbonate. Yang et al [49] also reported a similar pattern of Pb speciation while describing its absorption on β-MnO2. These compounds are used as white paint pigments. Secondly, in particle of <10mm, Ni predominates in the residual fraction. Meanwhile, Zn had their highest contents in carbonate fraction, which may be attributed to high dust pH. The decreasing order of these elements in geochemical fractions is shown as; Carbonate>Reducible>Residual>Exchangeable>Oxidisable. However, Cd dominates the exchangeable and carbonate fractions. This observation was earlier attributed to the metal affinity [48] . Thirdly, in particles of >50µm, Mn and Fe had their highest concentration in residual fraction. The association pattern of iron in the different phases were in the order Residual > Reducible > Oxidizable > Exchangeable > Carbonate. Overall, Zn had the highest total metal concentrations, but most of the Zn was bound to residual fraction that was unavailable to human being.
Metals Bioavailability
To verify the hypothesis that elevated concentrations of metals in dust samples do not necessarily result in high bioavailability. We determined the relative bioavailability of the various metals using two-step physiological extraction (PBET). The measured solubility or release metal expressed as amount of metal per amount of metal loaded is presented in Figure 4 . The bioavailability of the metals shows the order Cd>Zn>Pb>Ni>Cu. One striking feature of this result is that Cadmium consistently had highest relative bioavailable in all particle sizes in this study, despite its low concentration in dust particles. The bioavailable of Cd varied between 78.7% and 71.6% of the total concentration of Cd for <10µm to 10 -50µm particle sizes. This has been attributed to its existence in forms that range from sparingly or moderately to highly soluble; high affinity for exchangeable and carbonate fractions [47] , hence it exhibits a wide range of bioavailability in soil. This may result in relatively high internal doses, and explains the large contribution made by cigarette smoking to the body burden of Cd [50] . Meanwhile, the relative bioaccessibility of Cd was closely followed by Zn and Pb, with values ranged between 69.6% and 68.3% from particle size <10µm, 65.09 and 62.3 for 10 -50µm, and 65.06 and 60.3 µm for >50 (Figure 3) . The observed bioavailability of these metals (Pb, and Zn) appears to increase with decreasing particle sizes. However, the reverse trend was observed for Mn, Cu, Ni and Fe concentrations while the bioaccessibility of Cr showed no consistent trend. This was attributed largely to its existence in the differences in oxidation state of Chromium (Cr   3+   and Cr   6+ ) and metal speciation [51, 52] . Although at present, there is no general means of predicting how the oxidation state of a particular element will affect toxicity. Further to these, metals like Cu, Mn, and Fe had high total concentration in dust but showed low bioaccessibility results. Overall, we observed that Cd was low in dust samples but their bioavailability was high. This observation goes to support the earlier hypothesis.
On comparison of mean bioaccessibility (%) values of metals in our Centre with other cities of the world (Table 6) , we observed significantly low values for metals such as (Cd, Ni), while high differences were observed in others. The difference in bioaccessibility may be attributed to difference in metal speciation between the cities.
Relationship between relative bioavailability and physicochemical properties
The relationship between physicochemical properties and bioavailability is crucial, when linking exposure concentrations and estimates in vitro bioaccessibility in ecotoxicology studies. We attempted to obtain equations that can be used to estimate the bioaccessibility, as measured in the in vitro bioaccessibility assay (IVBA) to physicochemical properties. It was assumed that Conductivity and organic matter could contribute to difference in bioavailability of metals in dust. The stepwise multiple regression models were used to study possible correlation. Table 7 presents the regression equations for metals studied in this work. From the results, we found that Ni and Cr differently, exhibited a slightly positive correlation with R 2 = 0.390 and R 2 = 0.356 respectively. In both of them, organic carbon (OM) was found to have no significant correlation with its bioaccessibility. However, for Pb, there was negative correlation between metal bioavailability and organic matter, and positive correlation exists between bioaccessibility and soil pH. Similarly, there were no significant relationship between the total metals and soil properties such as pH and Organic matter. Furthermore, it was found that organic matter content and conductivity result in decrease metal bioaccessibility. Generally, it is reasonable to believe that some combination of physicochemical characteristics determine metal bioaccessibility within dust. Health risk Assessment. Table 8 presents the exposure to the various metals (Cd, Pb, Zn, Ni, Cu, Cr, Fe and Mn) bound dusts, cancer and non-cancer risks in humans for both adult and children scenarios via inhalation, ingestion and dermal contact exposure pathways. We calculated these values for particle size <10mm only, due to the fact that the lowest particle has potential to penetrate to the lung more than other sizes. From the results, we observed that total exposure HI from ingestion, dermal and inhalation for Cd and Pb were higher for children than adults. The HI values observed for both children and adults decrease in the order Cd>Cu>Pb>Fe>Zn. Generally, the observed inhalation cancer risks for metals were very high when compared to other exposure routes (ingestion and dermal contact). This may be attributed to the fact that ultrafine particles can penetrate deeply into the lungs and cause adverse health effects.
Conclusions:
The results of this study revealed that some combination of physicochemical characteristic determines metals bioaccessibility within dust particle sizes. The distribution of metals in particle sizes showed that coarse particles contain more metals than fine particles. Meanwhile, metals in the dust samples collected in this study exist mostly in non-mobile fraction. We confirmed that the threat posed by metals associated with airborne particulates depends upon their associated fraction rather than total concentration. The observed inhalation cancer risks for metals were very high when compared to other exposure routes (ingestion and dermal contact). We hope the report will be of interest to environmentalist, health policy makers, stimulate environmental concerns and translate into improved respiratory health among inhabitants. Aponmu monitoring site, a small community and a background site for the study. 
